Purpose: The aim of the study was to explore if the impact of osteoarthritis varies with respect to age, gender and social deprivation. Impact was defined as impairment, activity limitations and participation restriction (International Classification of Functioning, Disability and Health (ICF)). Investigating the functioning of the ICF model for subgroups is important both practically and theoretically. Method: The sample comprised a community sample of 763 people diagnosed with osteoarthritis. Uncontaminated measures of the ICF constructs were developed using discriminant content validity from a pool of 134 items, including the WOMAC and SF-36. Multigroup Structural Equation Modelling was used to explore if the same pathways exist for subgroups of gender, age and social deprivation. Results: Different significant paths were found for gender and social deprivation: impairment did not predict participation restriction for women and those most deprived, whereas these paths were significant for men and those less deprived. No difference in the paths was found for age. Conclusions: The impact of osteoarthritis appears to vary with respect to gender and social deprivation but not age. This suggests both that osteoarthritis per se does not adequately explain the health outcomes observed and that different clinical approaches may be appropriate for people of different gender and levels of deprivation.
Background
The dominant theoretical models of health outcomes or the consequence of disease have been the models developed by the World Health Organisation [1, 2] . The most recent version, the International Classification of Functioning, Disability and Health (ICF) [1] is based on a biopsychosocial model that integrates medical and social models. The ICF model identifies three main distinct outcomes, Impairment (I), Activity limitations (A) and Participation Restrictions (P) and their respective opposites, Body Function and Structure, Activity and Participation.
The ICF model allows for all causal pathways between the constructs to be explored, with significant paths likely to vary for different conditions. While the relationships between I, A and P have been explored in some conditions, we are unaware of any studies that have explored if the relationships amongst the constructs are the same for different subgroups of a population. Investigating the functioning of the model for subgroups is important both practically and theoretically. For example, if we were to find that for people who are socially deprived, impairment directly impacts participation restriction, whereas for those who are less deprived there is no direct path, then it might be possible to target interventions more accurately and to gain greater understanding of the process of disablement.
In this study, we explore the ICF model by different subgroups in people with osteoarthritis (OA). There is evidence that for osteoarthritis there are strong relationships between impairment and activity limitation and between activity limitation and participation restriction with a weaker path between impairment and participation restriction [3] [4] [5] . However, subgroup comparisons have not been carried out.
We first removed two potential sources of measurement error. First, it has previously been shown that many existing measures do not map onto single ICF constructs (i.e. the items and/or measures are contaminated with other ICF constructs) [6, 7] , for example the item ''doing household tasks'' measures both activity limitations and participation restriction, making it impossible to examine relationships between A and P. For this study, we used the method of discriminant content validity (DCV) [6, 8] to construct pure measures of impairment, activity limitation and participation restriction that were uncontaminated to enable us to accurately explore if the same model applies for subgroups of the population. Second, it is also possible that different patterns of relationships could be found for different subgroups if there is measurement bias, i.e. items working in a different way for different subgroups. Such items exhibit differential item functioning (DIF) and DIF items have been found in health outcome measures [9] [10] [11] . Hence, we explored whether items had DIF to ensure that differences in models were not simply due to measurement bias. Thus, the aim of the study was to explore if the ICF model varies with respect to gender, age and social deprivation for people with osteoarthritis.
Participants and methods

Design
Statistical techniques were applied to an existing data set to explore if the ICF model varies with respect to gender, age and social deprivation. Uncontaminated, DIF-free measures of the ICF constructs were developed using DCV, classic and modern item analysis. Multigroup Structural Equation Modelling was used to explore if the same pathways exist for subgroups of gender, age and social deprivation.
Participants
The sample comprised a community of 763 people who had been diagnosed with osteoarthritis from 1359 people with hip and/or knee symptoms who completed a follow-up assessment (2002) (2003) of health outcome measures as part of the Somerset and Avon Survey of Health Survey (SASH) [12, 13] . Osteoarthritis was diagnosed by a clinician assessing X-rays using the KellgrenLawrence classification [14] .
SASH is a large-scale survey of the population aged 35þ. The age-sex stratified survey of 28 080 people registered with 40 general practices in Avon and Somerset yielded 2703 people reporting hip and/or knee symptoms at baseline (1994) (1995) . Written informed consent was obtained from all patients. Ethics approval was obtained from the South West Research Ethics Committee (MREC/01/6/51), and the study was conducted in accordance with the Helsinki Declaration.
Measures
ICF constructs
There was a pool of 134 potential items in the SASH database. These included two standard measures, the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) [15] , which is the most commonly used disease-specific measure of outcome used in OA. Also included was the Short Form-36 (SF-36) [16] , which is the most commonly used generic measure of outcome used in OA [17] . However, these measures have been shown to contain items that map onto more than one ICF construct [6, 7] and have evidence of DIF for the groups investigated here [9, 11, [18] [19] [20] .
Hence we constructed measures of impairment, activity limitation that were uncontaminated. Discriminant Content Validity Methods [6, 8] were used to classify the pool of 134 items to I, A or P and item analysis was carried out in order to develop I, A and P measures. These items were then checked for DIF before examining relationships between variables. Where DIF items were identified, they were removed for the relevant analysis (see statistical analysis section).
Grouping factors
Gender, age and social deprivation (Townsend Index [21] ) Median splits were used for age and social deprivation. The Townsend index was based on the four variables from the 1991 census: unemployment, non-car ownership, non-home ownership and household overcrowding.
Statistical analysis
Preliminary analysis: developing I, A and P measures
The following steps were carried out.
(i) DCV was used to classify the 134 self-report items to I, A and P or a combination thereof [6, 8] . The main focus of this study was to use multigroup (SEM) to explore if structure equivalence exists by evaluating if there are similar path coefficients between the constructs for each subgroup. The I, A and P measures were used to explore the ICF model for each subgroup. The subgroups of gender, age, social deprivation were explored for the primary direction, i.e. I to A to P and from I to P.
As standard, one indicator factor loading was set to one, and initially correlations between the underlying latent factors were free to be estimated. As some items did not appear to be normally distributed, robust Maximum Likelihood estimation was used together with robust fit statistics and robust standard errors. The Satorra-Bentler chi-squared statistic [28] was calculated to assess model fit. As it has been shown that with large samples chi-square-based statistics are often highly significant even if there is good model fit [29] , other fit indices were also explored. Model fit was assessed with emphasis on the robust comparative fit index (CFI), the normed fit index (NFI), the non-normed fit index (NNFI) and the robust Root Mean Squared Error of Approximation (RMSEA) with the 90% confidence interval. Fit indices greater than 0.90 have been considered satisfactory for model fit [30, 31] . A RMSEA value of less or equal to 0.08 is generally accepted as an upper bound for acceptable fit [32] . If a small number of items (55) prevented the model from converging, then these items were removed.
Nested models can be compared by calculating the differences in chi-square as this is also chi-square distributed with the degrees of freedom being the difference in degrees of freedom between the two models. However, if the non-normal Satorra-Bentler chisquared statistic is used, then this does not apply [28] and a correction must be made. Satorra and Bentler have developed a method for computing a scaled difference chi-square statistic [33] . This was implemented using the Sbdiff.exe program developed by Prof. John Crawford, University of Aberdeen, (http://www.abdn. ac.uk/$psy086/dept/psychom.htm). Initially, a baseline 3 factor SEM model was fitted (including all the items i.e. without excluding any DIF items). For each subgrouping factor four nested models were fitted:
Model 1: 1 group baseline model. The first model that was fitted was a baseline 3 factor (I, A, P) SEM model with the combined data, but omitting DIF items. Thus, Model 1 may vary from the initial baseline model if some items were identified from the DIF analysis and hence excluded for that particular subgroup analysis. 
Results
The participants demographic and WOMAC summary details are presented in Table 1 .
Preliminary analysis: developing I, A and P measures
In brief, there was a pool of 134 potential items. DCV identified that 87 of these items were tapping only a single ICF construct (37 I items, 34 A items, 16 P items; ICC ¼ 0.86). Of the 47 items that were not uniquely classified, 12 items were classified to both limited lifting groceries'' , ''problems getting in and out of the bath'' and ''maximum distance walk with pain'') were identified as having gender DIF and one item was identified as having age DIF (''difficulties putting on shoes, stockings, socks by bending forward''). Hence, for the analysis by gender and age, the respective DIF items were removed from the Activity Limitation measure. No DIF items were found for Impairment or Participation Restriction. The final measures are in Table 2 .
Testing the model by factor: multigroup structural equation modelling (a) Baseline overall model (with all measurement items):
The overall baseline model showed good fit. Overall significant paths were found between I, A and P with the strongest paths being between A and P (path coefficient ¼ 0.83, p50.01) and I and A (path coefficient ¼ 0.76, p50.01) with a much weaker but significant path, between I and P (path coefficient ¼ 0.11, p50.05) (Figure 1a) .
(b) Gender
For the exploration of the model by gender, the base 1 and 2 group models both showed good fit (Model 1 and Model 2) (Table 3; Figure 1b) . The 2 group base model with factor loadings constrained to be equal (Model 3a) also showed good fit, but was significantly worse than two group model without the constraints, indicating that not all the equality constraints were appropriate ( Table 3 ). The LM test indicated that the constraint on the item ''difficulty standing'' should be released (as the factor loading for men appeared to be greater than for women (standardised path men ¼ 0.83, women ¼ 0.72). Model 3b was only just significantly different from Model 2, suggesting the measurement model (with one released constraint) was reasonable. The model with constrained structural paths added (Model 4) had worse fit and very significant chi-square difference from Model 3, and so was not structurally equivalent.
The path between I and P was significant for men (path coefficient ¼ 0.12, p50.05), but not for women (path coefficient ¼ 0.007, p50.05). The paths between A and P were similar for men and women (path coefficients ¼ 0.82 and 0.85, respectively, p50.01). The LM test indicated that the path coefficients between I to A were significantly different for men and women (path coefficients ¼ 0.75 (men) and 0.62 (women), p ¼50.01) (Figure 1b) . For the exploration of the model by social deprivation group, the base 1 and 2 group models both showed good fit (Model 1 and Model 2) (Table 4; Figure 1c ). The 2 group base model with factor loadings constrained to be equal (Model 3a) also showed good fit, but was significantly worse than the two group model without the constraints (Table 4 ). The LM test indicated that the constraint on the item ''holidays/outings'' and the item ''pain in bed at night'' should be released (with the factor loadings for those less deprived being greater than for those more deprived, 0.72 and 0.53 and 0.89 and 0.81, respectively). The model with these two released constraints (Model 3b) was now not significantly better than Model 2 and so indicated measurement equivalence. The model with constrained structural paths added (Model 4) had worse fit and very significant chi-square difference from Model 3b and so was not structurally equivalent.
The path between I and P was significant for those less deprived (path coefficient ¼ 0.19 p50.05), but was not significant for those more deprived (path coefficient ¼ À0.07, p40.05). When the LM test was examined, this path did not quite reach statistical significance for the difference (p ¼ 0.08). The paths between I and A appeared similar for those less or more deprived (path coefficients ¼ 0.63 and 0.67, respectively, p50.01). The paths between A and P were also both significant for those less or more deprived (path coefficients ¼ 0.79 and 0.92, respectively, p50.01), but the LM test indicated that they were not significantly different from each other (Figure 1c) . (d) Age: 2 groups with median split ¼ 70. 88 For the exploration of the model by age group, the base 1 and 2 group models both showed good fit (Model 1 and Model 2, see Table 5 ). The 2 group base model with factor loadings constrained to be equal (Model 3) also showed good fit and was not significantly different to the two group model without the constraints (Model 2), hence this supports measurement equivalence. The model with the added structural path constraints (Model 4) was not significantly different from the model without the path constraints, so it appears that there was structural equivalence, i.e. the same model applies for both age groups.
Secondary analysis
As men and those less deprived had lower levels of impairment, activity limitation and participation restrictions, a post-hoc regression-based moderation analyses were carried out to explore if this would help explain the different models (based on median splits of I, A and P). However, these analyses did not offer evidence that the model significantly differed by level of I, A and P (not shown).
Discussion
Significantly different models were found for gender and social deprivation group but not for age. The paths between impairment and participation restriction were non-significant for women and those most deprived, but significant for men and those less deprived. Additionally, for men, the path between I and A was significantly stronger than for women. No significant difference between models was found for people of different ages although further splits could be explored in future work. Post-hoc analyses indicated that the effects of gender and deprivation were not simply due to different levels of disability (I, A, P) in the sub-groups, and hence unlikely to be due to the effects of co-morbidities. It appeared that the participation of men and those less deprived was more directly impacted by their impairment (without going through activity) than for women and those more deprived. Several explanations are possible. Participation restrictions that are not determined by activity limitations are more likely to be due to choices or decisions rather than being directly physically determined. Hence, it is possible that for men and those less deprived, the decision not to participate may be driven by different factors. On the one hand, groups may choose to cope with impairments using different coping strategies, e.g. by resting and avoiding exacerbation versus carrying on with tasks as usual. On the other hand, groups may differ in the nature of their tasks and responsibilities and how readily they can withdraw from them, e.g. it may be more difficult to withdraw from household tasks usually undertaken by women. This latter point might also explain why the path from I to A is weaker for women.
There is ample evidence that impairment may affect activity levels both directly and indirectly via individual goals, intentions and self-efficacy in performing activities [4, [34] [35] [36] . Additionally, qualitative studies have identified a range of barriers to activities; Nicholson et al. [37] found that barriers perceived by stroke survivors mainly fell into three domains of the Theoretical Domains Framework, namely ''beliefs about capabilities'', ''environmental context and resources'' and ''social influence'' [37] .
Thus, it might be that for women, these behavioural factors play a more important role relative to the biomedical impairment than they do for men. There are various reasons why women might show a different pattern of limitations given similar impairments to men's, including their role in the home and their response to the conditions [38] .
The type of participation may differ not only by gender but also by social deprivation group, and therefore influence the strength of the I to P path; for example, those less deprived may be involved in work and leisure that is less reliant on activity limitation and hence their P may be directly impacted by I, for example our data indicated that those less deprived went to the cinema more than those more deprived. Also, as men and those less deprived drive more than women and those more deprived, their access to social and work activities may not be as dependent on their activity limitations. This may also explain the significant I to P paths and the very strong path between A and P for the more deprived group. Hence, the nature of I, A and P for gender and by social deprivation group needs further exploration. In particular, it may be important to examine if there is a tipping point for degree of social deprivation or a qualitative difference in living style associated with deprivation that influences the impact of impairments on participation.
There were similarities between all the models with the paths from I to A, and from A to P being the strongest paths and a weaker path between I and P. This is consistent with previous studies of people with OA [3, 5] .
In practical terms, the results suggest that clinical interventions that reduce impairment might be expected to bring direct benefits in participation for men and those less deprived whereas other interventions, perhaps directed at reducing social burden or offering alternative methods of participation might be more helpful for women and those more deprived. Further, evidence of participation restrictions gives a less direct indication of problems in body structure or function for women and more deprived individuals.
The study has some limitations. We used cross-sectional data and cannot therefore draw conclusions about causal relationships. Even longitudinal data cannot test whether the relationships are truly causal and this will require experimental studies such as those conducted by Fisher and Johnston [39] . In this study we only explored I, A and P and not the contextual factors of the ICF. These contextual factors may have important moderating or mediating effects on the relationships between I, A and P. For example, our previous studies have found that psychological theories predict additional variance in A, beyond that explained by I, but have not investigated the impact of such variables on P [4] .
The measures of I, A and P were derived and may need further validation and the number of items in the P measure was small and may not have fully covered the domain.
Thus, the impact of OA appears to vary with respect to gender and social deprivation but not age, in this sample. Thus, these groups may benefit from different treatments and interventions. 
